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PREFACE 


This  program  was  conducted  by  Boeing  Aerospace  Company's  Army  Systems 
Division  in  Huntsville,  Alabama  under  Contract  DAAHQ1-75-C-0835,  "Storage 
Reliability  Retest  Program  for  Minuteman  Electronic 'Components."  The 
study  was  directed  by  Rex  Provence,  U.S,  Army  Missile  Command  (MICOM). 

Larry  McTigue  was  Boeing  Program  Manager.  Testing  and  failure  analysis 
was  performed  by  the  Boeing  Minuteman  Reliability  Engineering  Organization, 
with  Robert  Frank  as  Principal  Investigator. 

This  study  is  part  of  MICOM* s  Storage  Reliability  Technology  program. 

Materiel  in  the  Army  inventory  -  particularly  missile  systems  -  must 
withstand  long  periods  of  storage  and  "launch  ready"  non-activated 
dormancy.  Within  the  Department  of  Defense,  MICOM  has  lead  responsibility 
to  develop  the  Data  Bank  and  supporting  methodology  required  to  design, 
manufacture  and  package  hardware  for  this  non-operating  environment. 

The  results  contained  herein  will  be  incorporated  into  the  Data  Bank  and 
used  to  predict  storage  reliability  characteristics  for  electronic 
parts  of  chip  and  bond  wire  design. 

We  wish  to  acknowledge  the  contributions  of  the  MICOM  Technical  Manager, 

Rex  Provence,  Product  Assurance  Directorate,  whose  direction  and  technical 
comments  made  the  results  of  this  study  a  more  valuable  part  of  the  over¬ 
all  Storage  Reliability  Program. 

Questions  on  the  contents  of  this  report  should  be  directed  to  Larry  McTigue, 
Boeing  Aerospace  Company,  P.  0.  Box  1470,  Huntsville,  Alabama  35807, 
phone  (205)  837-5520, 
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ABSTRACT 


Storage  reliability  and  parameter  drift  rates  were  measured  on  10,027 
Minuteman  chip  and  bond  wire  Resistor-Transistor  Logic  (RTL)  devices, 
which  have  been  in  storage  since  mid-1 967  {eight  years).  Three  parts 
failed  as  a  result  of  the  eight  years  of  storage.  Analysis  of  the 
failed  parts  showed  all  three  were  caused  by  oxide  defects  which  allowed 
the  deposited  aluminum  metalization  to  contact  the  active  silicon  of  the 
die  and  short  to  ground.  The  90%  confidence  level  valuco  fan  Failure  Fate 
and  Mean  Tina  Betvecn  Failure  ai'e  (Q.  Dfi9SxJQ-§  fai lurea/jxxrt-hr  and  QJlSxi  ffi 
par t~hrs/ failure,  respectively .  ~  n>< 

1  r  *  -T*. 

After  eight  years  of  storage,  none  of  the  parts  experienced  a  single 
bond  wire  failure,  no  external  leads  were  corroded  or  broken  and  there 
wars  no  package  problems.  This  is  evidence  of  the  high  storage  reliability 
that  can  be  achieved  with  proper  design,  manufacturing  and  test  procedures. 

Parameter  drift  measurements  showed  the  resistor  elements  virtually  un-  . 
changed  after  8  years  of  storage,  hcjever,  the  transistor  elements  shouted 
a  significant  degradation  in  gain  characteristics,  The  gain  changes  are 
attributed  to  migration  of  contaminants  (which  are  always  present  in  minute 
amounts),  and/or  to  changes  in  the  gold  doping  process  used  in  the  manufacture 
of  the  parts.  \The  average  rate  of  drift  ranged  from  1-2%  per  year,  depending 
on  the  logic  function  circuit  involved.  Substantially  higher  rates  of  drift  - 
up  to  7%  per  year  -  occurred  in  parts  whose  1967  measured  performance  fell 
more  than  one  standard  deviation  (-1<?)  below  the  mean.  About  2%  of  the 
parts  measured! had  drifted  close  enough  to  specification  limits  to  be 
classed  as  "incipient  failures"  (Parts  that  are  likely  to  drift  out  of 
specified  performance  levels  in  10  years  of  storage  or  less).  With  one 
exception,  all\of  these  "incipient  failures"  were  -Ip  parts  or  worse  when 
tested  in  1967 .V The  strong  correlation  bctuccn  oi'i-ginal  measured  performance 
and  drift  rate  suggests  that  storage  life  can  be  enhanced  significantly  by 

refecting  parts  that  fall  balm  the  -1$  level  during  acceptance  testing,*. _ _ 

Rejecting  the  16%  of  the  parts  that  fall  outside  the  -la  value  would  reduce 
the  number  of  parameter  drift  failures  that  could  be  expected  during  10 
years  of  storage  from  2%  of  the  population  to  less  than  0.1%. 

1  s  }-*. 

Study  results  are  presented  in  two  volumes.  Volume  I,  Data  Analysis 
(this  volume)  presents  the  findings,  backed  by  summary  plots  and  tables 
of  reduced  test  data.  Volume  II,  Test  Results,  tabulates  all  parameter 
measurements  made  on  each  part  tested. 


ii 


n&li-l  )0\,2-l 


STORAGE  RELIABILITY  OF  CHIP 
AND  BOND  WIRE  ELECTRONIC  DEVICES 


VOLUME  I ,  DATA  ANALYSIS 


PREFACE 

i 

ABSTRACT 

ii 

CONTENTS 

iii 

FIGURES 

iv 

TABLES 

vii 

1.0 

INTRODUCTION  AND  SUMMARY 

1-1 

2.0 

FAILURE  RATE  ANALYSIS 

2-1 

3.0 

PARAMETER  DRIFT  ANALYSIS 

3-1 

4.0 

PRODUCT  IMPROVEMENT  GUIDELINES 

4-1 

V01UKE  II,  TEST  RF5ULTS 

ABSTRACT 

i 

CONTENTS 

ii 

FIGURES 

iii 

TABLES 

iv 

5.0 

INTRODUCTION 

5-1 

5.1 

TWIN  BUFFER  TEST  RESULTS 

5-2 

5.2 

ADDER  TEST  RESULTS 

5-19 

5.3 

DOUBLE  GATE  TEST  RESULTS 

5-31 

5.4 

4- INPUT  GATE  TEST  RESULTS 

5-63 

5,5 

HALF  ADDER  TEST  RESULTS 

5-78 

5.6 

REGISTER  TEST  RESULTS 

5-90 

C.7 

EXPANDER  TEST  RESULTS 

5-118 

APPENDIX:  TEST  CONDITION 
DEFINITION 

A-l 

iii 

FIGURES 


-VOLUME  I- 

FICURE  PAGE 

1-1  PROGRAM  OVERVIEW  '  1-1 

1-2  HISTOGRAM  COMPARISON  OF  IqutC?) -DOUBLE  GATE  1-4 

1-3  HISTOGRAM  COMPARISON  OF  Vout(7-1)-DOUBLE  GATE  1-S 

1- 4  LINEAR  PARAMETER  DRIFT  MODEL  FOR  EXPANDER 

DEVICES  1-7 

2- 1  CIRCUIT  SCHEMATICS  FOR  FAILED  PARTS  2-1 

3- 1  LINEAR  PARAMETER  DRIFT  MODEL  FOR  DOUBLE 

GATE  PLUS  REGISTER  3-10 

3-2  Volrr  PARAMETER  VS  TRANSISTOR  GAIN  FOR 

DOUBLE  GATE  DEVICES  3-11 

3*3  HISTOGRAM  COMPARISON  OF  I IK (3)  -  TWIN  BUFFER  3-16 

3-4  HISTOGRAM  COMPARISON  OF  I0UT(7)  -  TWIN  BUFFER  3-17 


3-5  HISTOGRAM  COMPARISON  OF  V0ut(7-1)  -  TWIN  BUFFER  3-18 
3-6  HISTOGRAM  COMPARISON  OP  Vql(7-1)  -  TWIN  BUFFER  3-19 
3-7  HISTOGRAM  COMPARISON  OF  IRT(l-2)  -  TWIN  BUFFER  3-20 
3-8  HISTOGRAM  COMPARISON  OF  IRT(S-S)  -  TWIN  BUFFER  3-21 


3-9  HISTOGRAM  COMPARISON  OF  IL(8)  -  TWIN  BUFFER  3-22 
3-10  HISTOGRAM  COMPARISON  OF  IIK(1)  -  ADDER  3-24 
3-11  HISTOGRAM  COMPARISON  OF  l0lrr(6)  -  ADDER  3-25 
3- 11a  HISTOGRAM  COMPARISON  OF  IqUT(7-1)  -  ADDER  3-26 
3-12  HISTOGRAM  COMPARISON  OF  Vql(7-1)  -  APDFR  3-27 
3-13  HISTOGRAM  COMPARISON  OF  IRT(l-2,3-5)  -  ADDER  3-28 
3-14  HISTOGRAM  COMPARISON  OF  IL(8)  -  ADDER  3-29 
3-15  HISTOGRAM  COMPARISON  OF  IW(1)  -  DOUBLE  GATE  3-31 
3-16  HISTOGRAM  COMPARISON  OF  Iour(7)  -  DOUBLE  GATE-  3-32 


3-17  HISTOGRAM  COMPARISON  OF  V0ut(6-1)  -  DOUBLE  GATE  3-33 

3-18  HISTOGRAM  COMPARISON  OF'  V0irr(6-1)  -  DOUBLE  CATE  3-34 


0256-1008?-] 

FIGURES  (Continued) 


FIGURE 


3-19 

HISTOGRAM  COMPARISON 
GATE 

3-20 

HISTOGRAM  COMPARISON 

3-21 

HISTOGRAM  COMPARISON 

3-22 

HISTOGRAM  COMPARISON 

3-23 

HISTOGRAM  COMPARISON 

3-24 

HISTOGRAM  COMPARISON 
GATE 

3-25 

HISTOGRAM  COMPARISON 

3-26 

HISTOGRAM  COMPARISON 

3-27 

HISTOGRAM  COMPARISON 

3-28 

HISTOGRAM  COMPARISON 

3-29 

HISTOGRAM  COMPARISON 

3-30 

HISTOGRAM  COMPARISON 

3-31 

HISTOGRAM  COMPARISON 

3-32 

HISTOGRAM  COMPARISON 

3-33 

HISTOGRAM  COMPARISON 

3-34 

HISTOGRAM  COMPARISON 

3-35 

HISTOGRAM  COMPARISON 

3-36 

HISTOGRAM  COMPARISON 

3-37 

HISTOGRAM  COMPARISON 

3-38 

HISTOGRAM  COMPARISON 

3-39 

HISTOGRAM  COMPARISON 

3-40 

HISTOGRAM  COMPARISON 

3-41 

HISTOGRAM  COMPARISON 

3-42 

HISTOGRAM  COMPARISON 

3-43 

HISTOGRAM  COMPARISON 

PAGE 

OF  V0l(7-1)  -  DOUBLE 

3-35 

OF  Irt  -  DOUBLE  GATE 

3*36 

OF  ILCS)  -  DOUBLE  GATE 

3«  37 

OF  IiNCl)  -  4-INPUT  GATE 

3-39 

OF  Iqut(7)  -  4 -INPUT  GATE 

3-40 

OF  VoUT(6-l)  -  4-INPUT 

3-41 

OF  VQLC6-1)  -  4-INPUT  GATE 

3-42 

OF  Irt  -  4 -INPUT  GATE 

3-43 

OF  Ij,(8)  -  4-INPUT  GATE 

3-44 

OF  IlN(l)  -HALF  ADDER 

3-46 

OF  IlN(3)  -HALF  ADDER 

3-47 

OF  10LT(7-1)-  HALF  ADDER 

3-48 

OF  Vql(6)  -  HALF  ADDER 

3-49 

OF  Irt  -  HALF  ADDER 

3-50 

OF  4(8)  -  HALF  ADDER 

3-51 

OF  Iijj(2)  •  REGISTER 

3-53 

of  lotrrf6-1)  -  register 

3-54 

OF  V0UT(5-1)  -  REGISTER 

3-55 

OF  V0l(6-1)  -  REGISTER 

3-56 

OF  Irt  -  REGISTER 

3-57 

OF  IL(S)  -  register 

3-58 

OF  I INC  1)  -  EXPANDER 

3-60 

OF  Voirr(G-l)  -  EXPANDER 

3-61 

OF  VC»l(6-1)  -  EXPANDER 

3-62 

OF  V0L(7-1)  -  EXPANDER 

3-63 

V 


i 


I  10082-1 
FIGURES  (Continued) 


( 


FIGURE  PAGE 

3-44  HISTOGRAM  COMPARISON  OF  I RT  -  EXPANDER  3-64 

3-45  HISTOGRAM  COMPARISON  OF  T|,(8)  -  EXPANDER  3-65 

3- 46  HISTOGRAM  COMPARISON  OF  IcEX  -  EXPANDER  3-66 

4- 1  TYPICAL  OUTPUT  PARAMETER  VS  TRA.NSISTOR  4-2 

GAIN 

-VOLUME  II- 

5- 0  MATRIX  OF  TEST  CONDITIONS  5-1 

5-1  WIRING  AND  LOGIC  DIAGRAMS  FOR  TWIN  BUFFER  5-3 

5-2  WIRING  AND  LOGIC  DIAGRAMS  FOR  ADDER  5-20 

5-3  WIRING  AND  LOGIC  DIAGRAMS  FOR  DOUBLE  GATE  5-32 

5-4  WIRING  AND  LOGIC  DIAGRAMS  FOR  4-INPUT  GATE  5-64 

5-5  WIRING  AND  LOGIC  DIAGRAMS  FOR  HALF  ADDER  5-79 

5-6  WIRING  AND  LOGIC  DIAGRAMS  FOR  REGISTER  5-91 

5-7  WIRING  AND  LOGIC  DIAGRAMS  FOR  EXPANDER  5-119 

A -1  TEST  CONDITIONS  FOR  TWIN  BUFFER  A- 2 

thru 

A-S 

A- 2  TEST  CONDITIONS  FOR  ADDER  A-9 

thru 
A- 13 

A- 3  TEST  CONDITIONS  FOR  DOUBLE  GATE  A- 14 

thru 

A-20 

A- 4  TEST  CONDITIONS  FOR  4-INPUT  GATE  A-21 

thru 

A-26 

A- 5  TEST  CONDITION'S  FOR  HALF  ADDER  A-27 

thru 

A-32 

A- 6  TEST  CONDITIONS  FOR  REGISTER  A-33 

thru 

A-38 

A- 7  TEST  CONDITIONS  FOR  EXPANDER 


vi 


A- 39 
thru 
A-45 


;I25G-  100U2-1 


TABLES 
-VOLUME  I- 


TABLE 

PAGE 

1-1 

INVENTORY  OF  FARTS  BY  LOGIC  FUNCTION 

1-2 

l-n 

FAILURE  ANALYSIS  SUMMARY 

1-3 

2-1 

LEAK  TEST  RESULTS 

2-2 

2-n 

FAILURE  ANALYSIS  REPORT  FOR  DOUBLE  GATE 

PART  NO.  1493 

2-3 

2-1 1 1 

FAILURE  ANALYSIS  REPORT  .'OR  EXPANDER 

PART  NO.  228 

2-3 

2-IV 

FAILURE  ANALYSIS  REPORT  FOR  EXPANDER 

PART  NO.  S61 

2-4 

3-1 

PARAMETER  DRIFT  TEST  MATRIX 

3-1 

3-II 

SUMMARY  OF  I in  PARAMETER  DRIFT 

3-3 

3-  III 

SUMMARY  OF  loilT  (RESISTOR  PERFORMANCE) 
PARAMETER  DRIFT 

3-4 

3- IV 

SUMMARY  OF  V0in  (TRANSISTOR  PERFORMANCE) 
PARAMETER  DRIFT 

3-5 

3-V 

SUMMARY  OF  V0I<  PARAMETER  DRIFT 

3-G 

3-VI 

SUMMARY  OF  Irt  PARAMETER  DRIFT 

3-7 

3-VII 

SUMMARY  OF  Ir  PARAMETER  DRIFT 

3-8 

3-VI I I 

SUMMARY  OF  ICEX  PARAMETER  DRIFT 

3-9 

3- IX 

INCIPIENT  FAILURES 

3-12 

3-X 

EVALUATION  OF  HISTOGRAM  COMPARISONS  FOR 

THE  TWIN  BUFFER 

3-15 

3-XI 

EVALUATION  OF  HISTOGRAM  COMPARISONS  FOR 

THE  ADDER 

3-23 

3-XII 

EVALUATION  OF  HISTOGRAM  COMPARISONS  FOR 

THE  DOUBLE  GATE 

3-30 

!)25G- 10082-1 


TABLES  (Continued) 

table  PAGE 

3-XIII  EVALUATION  OP  HISTOGRAM  COMPARISONS  FOR 

THE  4 -INPUT  GATE  >  3-38 

3-XIV  EVALUATION  OP  HISTOGRAM  COMPARISONS  POR 

TliE  HALF  ADDER  3-45 

3-XV  EVALUATION  OP  HISTOGRAM  COMPARISONS  FOR 

THE  REGISTER  3-52 

3- XVI  EVALUATION  OP  HISTOGRAM  COMPARISONS  POR 

THE  EXPANDER  3-59 

4- 1  PRODUCT  IMPROVEMENT  RECOMMENDATIONS  4-1 


-VOLUME  II- 

5-1  TEST  RESULTS  POR  TWIN  BUFFER  5-4 

5-II  TEST  RESULTS  FOR  ADDER  5-21 

5-III  TEST  RESULTS  FOR  DOUBLE  GATE  5-33 

S-IV  TEST  RESULTS  FOR  4- INPUT  GATE  5-SS 

5-V  TEST  RESULTS  FOR  HALF  ADDER  5-80 

5-VI  TEST  RESULTS  FOR  REGISTER  5-92 

5-VII  TEST  RESULTS  FOR  EXPANDER  5-120 


vin 


INTRODUCTION  AND  SUMMARY 


1.0  INTRODUCTION 

In  July  1967,  over  eight  years  ago,  10,027  Motorola  RTL  electronic 
parts  of  chip  and  bond  wire  design  were  placed  In  room  temperature 
storage.  Prior  to  storage,  each  part  was  burned  in  (168  hours  0 
125°C),  then  tested  to  record  the  performance  of  each  parameter. 
Starting  in  July  of  1975,  the  parts  were  removed  from  storage  and 
the  original  test  program  repeated  to  obtain  Storage  Reliability 
data  for  cldp  and  bond  wire  devices.  As  shown  in  Figure  1-1,  the 
retest  program  consisted  of  the  following  two  elements: 

1)  Measurement  of  storage  failure  rates, followed  by  analysis  of 
the  failures  to  identify  failure  modes  and  mechanisms  and  to 
establish  product  improvement  guidelines, 

2)  Measurement  of  parameter  drift  characteristics  and  analysis  of 
results  to  establish  Incipient  failures,  drift  rates,  and 
projected  shelf  life. 


FIGURE  1-1.  PROGRAM  OVERVIEW 
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1.0  INTRODUCTION  (CONTINUED) 

All  10.027  parts  were  subjected  to  Go/No-Go  testing  to  detect  failed 
oarts  (parts  showing  one  or  More  parameters  outside  of  specification 
limits).  These  parts  were  then  Individually  bench  tested.  Confirmed 
failed  parts  were  analyzed  to  establish  the  failure  modes  and 
mechanisms. 

A  randomly  selected  sample  of  2573  parts  passing  Go/No-Go  testing 
were  run  through  the  Parameter  Drift  test  program.  Selected  currents 
and  voltages  representing  resistor  characteristics,  transistor  gains 
and  leakage  rates  were  measured  and  recorded.  Computer  analysis  was 
performed  to  compare  the  1975  test  values  with  those  measured  In 
1967.  For  those  parameters  showing  statistically  significant 
performance  changes,  a  linear  drift  rate  model  was  fit  to  the  test 
data  and  used  to  predict  remaining  storage  life. 


1.1  SUWARY 

While  all  parts  were  of  similar  chip  and  bond  wire  design,  devices 
having  seven  different  logic  functions  were  Included  In  the  Inventory 
of  parts  tested  (Table  M)* 


TABLE  1-1.  INVENTORY  OF  PARTS  BY  LOGIC  FUNCTION 


LOGIC  FUNCTION 

HOTOROLA 
PART  NO. 

NO.  OF  PARTS 
FOP  FAILURE  RATE 
EVALUATION 

NO.  OF  PARTS 

FOR  PARAMETER  DRIFT 
EVALUATION 

Twin  Buffer 
Adder 

SC  2207 

1002 

250 

SC  2208 

1002 

250 

Double  Gate 

SC  2210 

2382 

500 

4- Input  Gate 

SC  2211 

1250 

348 

Half-Adder 

SC  2212 

450 

250 

Register 

SC  2213 

2992 

625 

Expander 

SC  2221 

949 

10027 

360 

2571 

A  total  of  three  parts  failed  as  a  result  of  the  eight  years  of 
storage.  Analysis  of  the  failed  parts  showed  all  three  were  due  to 
oxide  defects  which  allowed  the  deposited  alimHnum  metal Izatlon  to 
contact  the  active  silicon  of  the  die  and  short  to  ground.  Table  1-11 
sunmaflzes  the  failures  and  the  resulting  failure  rate  statistics. 
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1.1  SUMMARY  (Continued) 


TABLE  l-II.  FAILURE  ANALYSIS  SUMMARY 


PART  L08IC 

JSSHSL 

OOUMJE  CATE 


EXPANDER 


PART  SERIAL 

jam 

1491 


m 

Ml 


FAILURE  NOOE/ICCHANISN 

SNORT  CAUSED  |Y  OXIDE  OCFtCT 
UNDER  AL  STRIPE  ON  DIE 
00NNECTIN6  TO  PIN  1 

SNORT  CAUSCO  IT  OXIDE  DEFECT 
UNDER  MNO  PAD  3 

SNORT  CAUSED  BY  OXIDE  DEFECT 
IMOER  OONO  PAD  C 


TOTAL  FAILURES  •  3 

TOTAL  PART-NOUNS  Of*  STORAGE  •  703  x  10* 


FAILURE  RATE 
( FAILURE  S/PART-HA) 


NEAR  TIME 

FAILURES 

(PART-NR/ 


ILIAN) 


0.0099  x  10*0  (COX  CONFIDENCE  LEVEL) 
0.0099  x  10*9  (90S  CONFIDENCE  LEVEL) 


119  x 
IOC  x 


10*  (90S  CONFIDENCE  LEVEL) 
10*  (90S  CONFIDENCE  LEVEL) 


Results  from  the  Parameter  Drift  Evaluation  an»  typified  by  Figures 
1-2  and  i-3  which  compare  1967  and  1975  test  results  for  parameters 
representing  resistor  and  transistor  performance,  respectively.  The 
1975  measurements  taken  on  the  resistor  elements  are  virtually 
unchanged  from  the  1967  values.  Note  that  the  1967  and  1975  histo¬ 
grams  (Figure  l-2b)  are  almost  Identical  In  shape  and  only  differ 
by  a  4  mlcroamp  bias.  This  bias  Is  attributed  to  a  slight  difference 
In  test  set-up  and  Is  not  an  Indication  of  parameter  drift.  This 
conclusion  Is  confirmed  by  Figure  1-20,  which  shows  the  1967-1975 
change  In  the  Iqiit  parameter.  *ht  near-normal  distribution  of  this 
change  Is  typical  of  scatter  due  to  normal  measurement  error.  It 
shows  none  of  the  skewness  exhibited  by  true  parameter  drift. 

The  transistor  elements  did  show  a  measurable  loss  of  performance 
during  the  eight  years  of  storage.  Figure  1-3  Is  a  typical  comparison 
of  changes  In  transistor  gain.  Mhile  the  change  In  mean  value  Is 
smOl  (6  mv),  the  pronounced  skewness  of  Figure  1-3c  shows  the  changes 
are  due  to  parameter  drift  rather  than  measurement  error.  There  Is 
significant  performance  loss  In  parts  In  the  right  hand  tall  of  the 
distribution  (parts  whose  original  performance  was  more  than  one 
standard  deviation  below  the  1967  mean).  Degradation  In  the  parts  having 
the  greatest  rate  of  drift  (parts  occupying  the  shaded  -2c  tall  lit 
Figure  l-3d)  Is  shown  by  the  heavy  arrows  in  Figure  1-3d.  Note  that 
al i  these  parts  were  below  average  performers  in  1967. 
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SUMMARY  (Continued) 
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FIGURE  1*7.  HISTOGRAM  COMPARISON  OF  loUT  W 
-DOUBLE  GATE  - 
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1.1  SUMMARY  (Continued) 


VOITAGE  (HIUIYOITS) 


d.  DISTRIBUTION  OP  PARTS  SHOEING  GREATEST  DEGPACATIOY 

FIGURE  1-3.  (CONTINUED) 


The  loss  of  performance  in  the  transistor  elements  was  significant 
enough  to  class  24  parts  as  incipient  failures.  These  are  parts 
whose  performance  has  degraded  near  specification  limits  and  could 
fall  out  of  spec  within  the  next  few  years  of  storage.  Since  the 
Parameter  Drift  study  measured  only  one  of  the  two  output  terminals 
on  each  part,  and  only  2573  of  the  10,027  parts  (1/2  x  2573/10027  = 
1/8  sample),  it  can  be  reasonably  expected  that  8x24=200  of  the 
10,027  parts  (approximately  2%)  are  likely  incipient  failures. 
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1.1  SUMMARY  (CONTINUED) 


The  degradation  in  transistor  performance  as  demonstrated  by  an 
increase  in  bofh  mean  and  standard  deviation*  was  statistically 
significant  at  the  99%  confidence  level  for  the  Double  Gate, 
Register  and  Expander  devices.  These  devices  showed  drift  rates 
of  0.5-1%  per  year  in  mean  value  and  2-4%  per  year  in  standard 
deviation.  The  layer  figures  apply  to  the  Double  Gate  and 
Register,  while  the  higher  figures  apply  to  the  Expander.  A 
linear  model  (constant  rate  of  drift)  was  fit  to  the  mean  and 
standard  deviation  measured  on  these  devices.  Figure  1-4  below 
shows  this  model  for  the  Expander.  This  linear  model  predicts 
that  a  part  whose  1967  performance  was  more  than  3  standard 
deviations  below  the  mean  would  drift  out  of  specification  limits 
after  17  years  of  storage  (by  1984). 


YEARS  Of  STORAGE 
(UYLEfiOAR  YEAR) 


FIGURE  1-4.  LINEAR  PARAMETER  DRIFT  MODEL  FOR  EXPANDER  DEVICES 


There  were  14  incipient  failures  detected  in  the  350  Fxnander 
devices  tested  (4%).  The  drift  in  t^e  six  worst  devices  is 
shown  by  the  heavy  arrows  in  the  figure.  The  drift  rate  in  these 
occasional  "bad  actors"  is  obviously  much  faster  than  the  linear 
model  predicts. 


1-7 


D256-1 0082-1 


1.1  (Continued) 

Whether  a  linear  model  provides  a  useful  projection  of  parameter  drift 
characteristics  can  only  be  determined  by  future  testing  of  the  same  parts. 
However,  the  general  trend  of  increasing  rate  of  drift  for  the  higher 
negative  o  parts  (poorer  performer-)  Is  clearly  established  by  the  data 
from  the  1975  test.  This  trend  leads  to  the  conclusion  that  storage 
reliability  of  these  chip  and  bond  wire  devices  can  be  increased  by 
simply  rejecting  the  more  marginal  performers  during  initial  acceptance 
testing.  In  the  case  of  the  Expander  parts,  all  but  one  of  the  14  incipient 
failures  would  have  been  eliminated  by  rejecting  the  16%  of  the  parts  that 
fell  more  than  one  standard  deviation  (-la)  below  the  mean  following  the 
1967  acceptance  testing.  Eight  of  r.he  14  would  have  been  eliminated  by  a 
-2ct  criterion,  which  would  have  required  rejecting  only  2.3i£  of  the  parts. 
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SECTION  2 

FAILURE  RATE  ANALYSIS 


2.0  INTRODUCTION 

To  determine  the  shelf-life  failure  rate  of  bond  wire  RTI.  Integrated 
Circuits  (IC's),  10,027  such  devices,  stored  for  eight  years,  were  retested 
to  the  25°C  parametric  limits  of  the  Boeing  specifications.  The  parts  were 
tested  to  these  specifications  by  the  supplier  (Motorola)  eight  years  ago. 
Retesting  was  done  on  n  model  J283C  Toradyne  Test  Set,  programmed,  calibrated 
and  maintained  by  the  Boeing  Advanced  Electronic  Design  Croup.  Each  of  the 
10,027  IC's  was  tested  on  a  GO  NO-GO  basis  to  determine  if  one  or  more  of 
its  parameters  had  drifted  outside  specification  limits.  Those  parts  which 
failed  the  GO  NO-GO  testing  on  the  Teradyne  were  carefully  rcchcckcd  on  the 
bench  to  verify  their  condition.  Out  of  the  more  than  10,000  parts  teste.', 
only  three  defectives  were  found.  The  three  were  catastrophic  failures  with 
several  parameters  more  than  two  orders  of  magnitude  outside  spccificat Icm 
limits.  The  failures  occurred  in  the  Double  Gate  and  Expander  devices,  whose 
circuit  schematics  arc  shown  below. 


DOUBLE  GATE 


EXPANDER 


FIGURE  2-1.  CIRCUIT  SCHEMATICS  FOR  FAILED  PARTS 
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2.1  FAILURE  ANALYSIS 

The  three  catastrophic  failures  were  subjected  to  analysis  to  determine  the 
cause  of  failure.  They  were  first  given  a  hermetic  seal  test  with  the 
following  results: 


TABLE  2-1.  LEAK  TEST  RESULTS 


LOGIC 

FUNCTION 

PART 

NO 

GROSS 

LEAK 

•FINE  LEAK  RATE 

•SPECIFICATION 

VALUE 

Double  Gate 

1493 

No 

3.6  x  10“8  cc/sec 

<lxl0-8  cc/scc 

Expander 

228 

No 

9.81  x  10~8  cc/scc 

Expander 

561 

No 

2.19  x  10"8  cc/sec 

If 

*02S°C  and  one  standard  atmosphere 


While  the  measured  fine  leak  rates  exceeded  specification,  they  were  still 
small  enough  to  conclude  that  no  significant  breakdown  had  occurred  in  the 
hermetic  seals.  The  defects  identified  by  subsequent  failure  analyses  were 
in  no  way  aggrevated  by  leakage. 

Curve  tracer  testing  of  the  three  parts  (checking  from  each  lead  to  the 
ground  (GND)  lead  and  to  the  power  supply  lend  with  a  Tektronix  S77  Curve 
Tracer  Oscilloscope]  found  a  low  resistance  path  from  pin  1  (input)  to 
pin  4  (GND)  on  Part  No.  1493,  a  100  ohm  "short"  from  pin  3  (input)  to 
pin  4  on  Part  No.  228,  and  a  600  ohn  path  from  pin  6  (output)  to  pin  4 
(GND)  on  Part  No.  5*61 .  Experience  with  transistor-transistor  logic  devices 
has  shown  that  such  low  resistance  paths  to  GND  (substrate  of  the  die) 
occur  because  of  oxide  defects  or  because  the  part  has  been  subjected  to 
electrical  overstress.  To  determine  if  the  failures  were  due  to  oxide 
effects  or  electrical  overstress,  the  three  JC's  were  delidded  nnd  micro¬ 
scopically  examined.  No  gross  defects  were  observed  such  as  might  be 
caused  by  electrical  overstress  so  the  glassivation  was  removed  from  each 
die  using  buffered  hydrofluoric  acid.  Next  the  aluminum  metallization  was 
removed  with  dilute  sodium  hydroxide.  It  was  then  easy  to  see  that  the 
failures  were  due  to  defects  in  the  oxide  which  had  allowed  the  metallization 
to  short  through  to  the  active  silicon  of  the  die.  There  was  an  oxide 
defect/pinhole  under  an  aluminization  stripe  connected  to  the  No.  1  bond 
pad  on  Part  No.  1493,  under  the  No.  3  bond  pad  on  Part  No.  228.  and  under 
the  No.  6  bond  pad  on  Part  No.  561.  Based  on  the  above  analyses,  it  was 
concluded  that  the  three  failures  were  the  result  of  deficiencies  within 
the  parts  and  were  not  caused  by  externally  applied  overstress  and 
therefore  that  the  three  failures  had  to  be  considered  shelf- life 
failures.  The  failure  analysis  reports  are  shown  in  Tables  2-II  through 
2-1V. 
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Oxide  defects  in  general  result  from  manufacturing  deficiencies  during 
wafer  fabrication  and  in  some  instances  during  die  probe  or  during  wire 
bonding.  Such  things  as  holes  and/or  tears  in  the  masks  used  for  exposing 
the  photoresist  or  foreign  particles  on  the  wafer  during  oxide  growth  can 
cause  defects  in  the  oxide.  These  defects  are  harmful  only  when  they  occur 
under  the  metallization  pattern  and  only  if  they  allow  the  metal  to  short 
through  the  oxide  to  the  active  silicon  beneath.  Improvements  in  manufactur¬ 
ing  techniques  are  possible  which  can  reduce  the  number  of  oxide  defects 
and  therefore  the  number  of  failures.  Very  careful  cleaning  procedures  before 
growing  the  oxides  and  a  double  mask  set  used  during  the  exposure  of  the 
photoresist  prior  to  etching  the  oxides  will  produce  parts  with  fewer 
defects.  Many  manufacturers,  though,  are  reluctant  to  change  historic 
and  generally  accepted  manufacturing  techniques  to  attempt  to  produce 
defect-free  parts.  In  most  programs,  the  cost  of  such  parts  is  prohibitive 
sc  there  is  little  incentive  to  improve  an  already  acceptable  failure  rate. 

It  is  not  possible  to  tell  at  what  point  in  time  the  o,Ude  defect  failures 
occurred.  Since  the  defects  (holes)  found  in  the  oxide-  were  relatively 
large,  it  is  difficult  to  explain  why  the  deposited  aluminization  did  not 
rake  intimate  contact  with  the  substrate  silicon  when  the  wafer  was 
metallized  during  manufacture.  If  a  very  thin  layer  of  oxide  existed  to 
insulate  the  aluminum  from  the  silicon  substrate,  what  eventually  occurred 
to  cause  the  short?  It  is  possible  that  a  very  thin  layer  of  oxide  could 
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2.1  (Continued) 

sustain  the  burn-in  and  test  voltage  stresses  at  Motorola  and  men 
chemically  change  with  age  to  becoae  a  low  resistance  path  to  substrate 
silicon,  in  any  event,  experience  in.Minuteman  has  shown  that  most 
oxide  defect  failures  occur  either  in  receiving  inspection  testing  cr  in 
equipment  test  after  the  IC's  are  installed  cm  circuit  cards.  Though 
oxide  defects  are  the  most  prevalent  cause  of  failure  in  the  low  power 
transistor-transistor  logic  (7TL)  dcviced  used  in  Minutoman,  the  failures 

^cS,rnrlarC,Cll™inatC<!  duri^  receivij‘g  testing  or  during  functional 
test  at  the  circuit  card  level  rather  than  during  field  operation  of  the 

equipment.  Nearly  0.0*1%  of  the  TTL  devices  obtained  from  four  different 
suppliers  fail  due  to  oxide  defects  prior  to  field  installation  of  the 
equipment,  but  with  more  than  200,000  TTL  devices  fielded,  some  for  more 
than  two  years,  the  number  of  failures  due  to  oxide  defects  is  at  least 
an  order  of  magnitude  less  than  during  receiving/functional  test.  This 
means  that  in  actual  hardware  applications,  most  oxide  defect  parts  would 
be  detected  and  eliminated  prior  to  storage  by  assuring  that  adequate 
functional  tests  arc  carried  out  at  the  circuit  card  or  subsystem  level. 
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FAILURE  RATr.  AND  MTBF 


Since  there  were  no  parameter  drift  failures  in  the  10,027  parts  after  eight 
years  of  storage,  the  three  catastrophic  failures  were  used  to  compute  the 
failure  rate  statistics.  The  Chi  Square  (x?)  distribution  was  used  to 
determine  the  60%  and  90%  confidence  level  for  failure  rate  and  MTBF. 

Use  of  the  distribution  to  establish  confidence  limits  is  treated  in  any 
standard  text  on  statistics.  The  computations  are  presented  in  liquations 
2-1  and  2-2. 


FAILUR1  RATH 
60%  Confidence: 

X2m  x  3  failures 

f,560%  e  - - - - - - 

10,027  parts  x  8  yrs/part  x  8760  hr/yr 


*1.175  failures 

*  703  x  10&  hrs  *  0,0059  *  l0"°  failures/hr  (2-la) 

x290%  x  3  failures  6.70  failures 

FRq0%  =  - 1 -  "  *  0.0095xl0~6(2-lb) 

703  x  IQ6  hrs  703  x  106  hrs  failures/hr 
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(Continued) 


MEAN  TIMt  OrTVEEN  FAiLURES 


1 


1 


MTIU6D%  8  FR60%  0.005Dx10‘6 


=  i69  x  10&  hrs 


(2-2a) 


MTIU- 


90%  8  FR.  .  5  0,0095x10*6  8  105  x  10  hrs 


90% 


C2-2b) 


The  design,  manufacture,  and  tost  procedures  used  to  develop  these  parts 
has  obviously  produced  IC's  of  very  high  storage  reliability.  After  eight 
years  of  storage,  there  were  no  parameter  drift  failures,  no  bond  wire 
failures,  no  external  leads  corroded  or  broken,  and  no  package  problems. 

As  already  discussed,  in  an  actual  hardware  application  the  three  oxide 
defects  that  did  occur  would  likely  have  been  eliminated  by  assuring  that 
norml  functional  tests  were  conducted  following  installation  of  the  IC's 
on  circuit  cards. 
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SECTION  3 

PARAMETER  DRI FT  ANALYSIS 


3.0  INTRODUCTION 

The  Parameter  Drift  Test  Program  measured  up  to  seven  different 
parameters  on  each  of  the  seven  types  of  logic  function  devices. 
Table  3-1  shows  the  45  individual  parameter  tests  that  were  per¬ 
formed  on  a  total  of  2573  parts.  The  physical  characteristics 
associated  with  each  parameter  measurement  (resistance,  transistor 
voltage  drop,  leakage  current)  are  defined  in  the  right  hand 
column  of  the  table.  The  2573  parts  tested  wore  selected  at 
random  in  blocks  of  20  or  less  from  the  total  10027  part  inventory. 

TABLE  3-1.  PARAMETER  DRIFT  TEST  MATRIX 
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Section  3.1  summarises  Parameter  Drift  results  with  emphasis  on  pin¬ 
pointing  the  physical  elements  within  each  device  most  susceptible  to 
tiding.  Section  3.2  provides  a  histogram  comparison  of  the  1967  and 
1975  tost  results  for  cadi  of  the  45  parameter  tests  defined  above. 
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3.1  PARAMETER  DRIFT  SUMMARY 

Tables  3-II  through  3-VIH  summarize  the  Test  Results  for  the 
seven  parameters  that  were  measured  to  evaluate  drift.  Each 
table  compares  the  1967  and  1975  'mean  values  and  standard 
deviations  for  a  single  parameter,  starting  with  Ij^  (T*ble  3-11). 

The  1967-1975  changes  in  the  mean  value  and  standard  deviation 
were  tested  for  statistical  significance  via  the  Student  t  and 
F-Distribution  tests,  respectively.  These  two  tests  are  covered 
in  all  standard  texts  on  Statistics.  Tests  of  significance 
determine  the  likelyhood  that  the  observed  changes  are  due  to 
random  sampling  differences  (in  this  case,  measurement  errors) 
rather  than  to  true  drift.  The  conservative  criterion  of  99% 
confidence  was  adopted  for  these  tests.  This  means  that  there 
is  less  than  a  one  percent  chance  that  the  1967-1975  change  in 
any  parameter  that  fails  this  criterion  could  be  explained  by 
measurement  errors  alone  (or  conversely,  there  is  99%  confidence 
that  parameter  drift  has  occurred).  The  "Analysis  of  Change" 
columns  at  the  right  of  each  table  show  the  results  of  these 
statistical  tests  of  significance. 

The  two  most  useful  parameters  proved  to  be  Iqw  (Table  3-II1)  and 
Vqi/t  (Table  3-IV),  which  directly  measure  changes  in  resistor 
and  transistor  characteristics,  respectively.  The  Vqut  measurement 
is  the  most  sensitive  of  the  transistor  measurements,  since  it 
determines  voltage  drop  across  the  transistor  under  conditions  of 
minimum  "on"  base  emitter  voltage.  This’^nec-of-the-curve" 
operational  condition  provided  the  clearest  picture  of  storage- 
induced  changes  in  the  transistor  elements.  The  Ijn  and  Vot 
measurements  (Tables  3-II  and  3-V),  while  not  as  sensitive  as  the 
^OUT  measurements^  also  provided  supportive  data  on  transistor  drift. 
Little  quantitative  information  was  obtained  from  the  leakage  current 
measurements,  Irt,  It,  and  Icny  (Tables  3-VI  thru  3- VIII),  since 
the  1967  tests  were  not  carried  out  to  the  nanosmp  precision 
needed  to  define  changes  in  these  parameters.  However,  the  197S 
measurements  showed  that  leakage  rates  were  insignificant  compared  with 
specification  values  and  that  drift  in  these  parameters  was  negligible. 

As  discussed  in  Section  1,  there  was  no  measurable  degradation  in 
the  resistor  elements  after  eight  years  of  storage .  However,  the 
degradation  in  transistor  performance  was  significant  at  the  95% 
confidence  level  for  all  six  logic  function  devices  on  which  Vow 
Kcasurc&ents  were  taken.  In  three  of  these  families,  the  Double 
Gate,  the  Register,  and  the  Expander,  changes  were  significant  at 
the  99V  confidence  level*  os  indicated  by  the  boxed-in  values  in 
Tabic  2-IV,  The  statistics  for  the  Double  Gate  and  Register  were 
similar  enough  to  combine  these  two  families,  which  gives  the  bottom 
row  in  Table  3-1 II. 
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DIFFERENCES  ATTRIBUTED  TO  NORf-SAL 
OBSERVATION  ERROR 


TABLE  3- IV  SUMMARY  OF  yQ)JT  PARAMETER  DRIFT 
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TABLE  3-VII  SUMMARY  OF  I.  PARAMETER  DRIFT 


TABLE  3-VIII  SUMMARY  OF  1CEX  PARAMETER  DRIFT 
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3.1  (Continued) 

Linear  parameter  drift  rate  models  were  developed  for  the  Double 
Gate  plus  Register  combined  and  the  Expander.  The  Expander  model 
has  already  been  discussed  in  Section  1.1,  figure  1-4.  The  Double 
Gate/Register  Model  is  plotted  in  Figure  3-1.  The  linear  drift  rate 
predicted  for  an  avorage  part  is  1/2%  per  year,  and  for  a  -3o  part 
is  1%  per  year.  These  rates  are  about  half  those  predicted  for  the 
Expander. 
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Figure  3-1.  LINEAR  PARAMETER  DRIFT  MODEL  FOR  DOUBLE  GATE  PLUS  REGISTER 


The  four  incipient  failures  from  the  Double  Gate  family  arc  shown  by 
tho  arrows  in  the  figure.  As  was  the  case  with  the  Expander,  these 
incipient  failures  show  a  more  rapid  rate  of  drift  than  the  linear 
model  predicts  for  even  a  -4a  part.  Extrapolating  the  linear  model 
suggests  that  a  -4s  part  would  not  reach  the  300mv  specification 
limit  until  the  turn  of  the  century'.  The  one  -4a  incipient  failure 
(uppermost  arrow  in  tho  figure)  has  almost  reached  this  limit  after 
only  eight  years  of  storage. 
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3.1  (Continued) 

A  reason  why  parts  with  high  Vqut  measurements  should  show  the  highest 
rates  of  drift  can  be  deduced  from  Figure  3-2, which  is  a  plot  of  Vgyr  vs 
transistor  gain.  For  abovo  average  (high  gain,  low  Vqut)  parts,  Vquj  is 
relatively  insensitive  to  changes  in  transistor  gain.  A  +2o  part 
(VouT  <  71  MV)  shows  only  a  4  MV  (SI)  change  in  VoUT  for  a  10%  change  in 
gain.  For  below  average  parts,  however,  VouT  becomes  increasingly  sensitive 
to  changes  in  gain.  A  -4cj  part  (\'out  >  193  MV)  shows  a  36  MV  (20%)  change 
in  Vqut  for  a  10%  change  in  gain.  Transistor  gain  changes  enn  occur 
because  of  growth  of  a  "parasitic  transistor"  condition  due  to  surface 
contaminations  or  to  migration  of  the  gold  within  the  silicon  lattice.  Gold 
doping  was  used  in  these  parts  to  suppress  the  parasitic  transistor 
condition  as  well  as  to  increase  part  reaction  speed.  These  gain  Change 
mechanisms  are  discussed  furthor  in  Section  4. 


FIGURE  3-2.  Vqut  PARAMETER  VS.  TRANSISTOR  GAIN  FOR  DOUBLE  GATE  DEVICES 

There  were  24  parts  out  of  the  2573  parts  tested  that  showed  large  enough 
increases  in  Vgyy  to  class  hem  &s  incipient  failures.  These  parts  are  ’ 
identified  in  Table  3-IX.  As  noted  in  Section  1.1,  the  VoUT  tests  were 
performed  on  a  1/8  sample  of  the  total  part  -  output  terminal  population. 
Consequently,  it  is  likely  that  approximately  200  incipient  failures 
exist  in  the  total  of  10,027  parts. 

The  criteria  for  identifying  a  part  as  an  "incipient  failure"  arc:  (1)  the 
1975  Vour  value  must  exceed  220nv,  and  (2)  the  1967-1975  increase  in  VouT 
muat  exceed  25mv.  Of  these  24  parts,  all  but  one  fell  outside  the  -lo 
limit  during  the  1967  tests.  The  lone  exception  is  Part  No.  1172  of  the 
Expander  family.  Furthermore,  all  but  7  of  the  parts  came  from  beyond 
the  -2a  limit.  These  seven  exceptions  are  also  from  the  Expander  Family 
(Part  Nos.  1027,  1055,  1129,  1147,  1155,  1172,  and  1201).  These  ctatiatiep 
show  that  the  shelf  life  of  these  parte  could  be  significantly  enhanced 
by  rejecting  parts  whose  perfcir-.anee  folic  more  than  one  standard  deviation 
below  the  Kean.  This  would  mean  rejecting  about  16%  of  the  parts. 
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3.:  HISTOGRAM  COMPARISONS 

The  results  of  the  1967  anil  1975  Parameter  Drift  measurements  hau 
boon  plotted  on  common  scales  in  figures  3-5  through  “.-Jo  for  visual 
evaluation  of  storage  induced  changes.  Each  plot  presents  results 
from  a  single  parameter  test  on  n  single  Logic  rune t inn  family  of 
parts.  For  example,  Figure  3-3  shows  the  3 j»j(3)  measurements  for 
the  Twin  Buffer  devices.  The  remaining  plots  follow  in  the  order 
defined  in  Table  3-1.  linch  figure  contains  the  following  information: 

a)  a  schematic  showing  the  test  conditions  used  to  measure  the  para¬ 
meter.  The  physical  elements  (specific  resistors  and  transistors) 
being  measured  have  been  circled  on  the  schematic. 

10  the  1967  measured  performance  distribution  or  histogram  (dashed 
lino}  plotted  on  top  of  the  histogram  of  1975  test  results 
(solid  line).  Appearing  above  this  figure  is  a  table  of  mean 
values  and  standard  deviations  associated  with  the  1967  and 
1975  test  results.  The  Delta  values  apply  to  item  (c]  described  below 

c)  a  histogram  of  the  1967-1975  changes  in  individual  part 

performance.  Parts  that  have  drifted  closer  to  specification 
limits  (degraded)  appear  along  the  negative  axis. 

bach  histogram  comparison  has  been  technically  evaluated  to  determine 
whether  the  1967-1975  changes  can  be  attributed  to  normal  measurement 
differences  or  whether  parameter  drift  has  actually  occurred,  bach 
of  these  leaves  its  own  signature  in  the  histograms.  Measurement 
differences  include:  (1)  a  Mas,  or  shift  in  mean  value,  due  to  a 
small  difference  in  the  test  set  up,  and  (2)  random  sampling  errors 
due  to  the  lira  ted  precision  to  which  each  paramo ter  is  measured. 

The  latter  will  tend  to  have  a  normal,  or  hell-shaped  distribution. 

Mien  measurement  differences  arc  present,  the  1975  histogram  will 
have  a  shape  very  similar  to  the  1967  histogram,  but  may  be  shifted 
to  the  right  or  left.  The  1967-1975  change  histogram  will  show  a 
ncar-nomal  distribution  about  a  mean  value  equal  to  the  bins 
between  the  two  test  measurements. 

Micro  significant  parameter  drift  has  occurred,  the  1975  histogram 
will  tend  to  be  skewed,  or  stretched  closer  to  the  specification 
limit  than  the  1967  histogram.  The  mean  value  also  may  have 
shifted  toward  the  spec  linit  although  there  may  be  little  change 
in  the  above  average  parts.  Since  the  below  average  parts  tend 
to  drift  rore  rapidly  than  the  better  performers,  the  1967-1975 
change  histogram  will  not  be  bell-shaped,  but  will  show  a  pronounced 
skewness  in  the  negative  (degraded  performance)  direction. 

The  critcriu  discussed  above  have  been  used  to  evaluate  the  histogram 
comparison:..  These  evaluations  appear  in  Tables  3-X  through  3-XVI. 

These  seven  tables  cover  the  seven  families  of  logic  function  devices, 
starting  with  the  Twin  Buffer,  Table  3-X.  The  remaining  six  tables 
immediately  proceed  the  histogram  plots  for  the  other  six  logic 
function  devices. 

The  histogram  plots  confirm  the  assessments  already  made  from  the 
Summary  Tables  (Tables  5-11  through  3-VIIT).  In  fact,  evaluation 
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3.2  HISTOGRAM  COMPARISON'S  (Continued) 

of  the  histograms  sorietimos  shews  that  drift  has  occurred  hi 
parameters  that  did  not  exceed  the  conservative  99'  confidence 
criterion  used  in  the  statistical  tests.  The  loin  (Resistance) 
measurements  still  show  no  clear  evidence  of  drift.  The  most 
sensitive  transistor  parameter,  Venn',  shows  drift  on  each  logic 
function  device,,  with  significant  drift  occurring  on  the  Pontile 
Gate,  Register,  and  Hxpandcr.  These  arc  the  three  devices  that 
showed  drift  at  the  99\  confidence  lcvci.  In  all  cases,  drift 
is  most  pronounced  in  the  below-avernge  parts.  The  less  sensitive 
transistor  performance  parameters,  T in, and  Vqj,,  suggest  that 
drift  has  occurred  on  some  of  the  devices,  but  the  magnitude  Is 
small  and  difficult  to  separate  from  the  measurement  differences. 
The  best  indications  of  drift  on  these  parameters  appears  in  the 
below  average  pants  from  the  Rouble  Gate,  Register,  nr.d  hxpandcr 
families. 

Tlie  *1/  IgT’  riml  VtX  ncasurem'nls  made  in  19u7  were  not  carried  out 

to  the  nnnonmp  precision  required  to  quantitatively  evaluate  leakage 
current  drift.  However,  they  were  sufficiently  accurate  to  state 
with  confidence  that  significant  drift  in  leakage  characteristics 
did  not  occur.  Because  of  their  greater  precision,  the  1975  tests 
showed  the  leakage  rates  actually  to  be  lower  in  some  devices  than 
tho  1967  measurements  indicated. 
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SECTION  4 

PROOUCT  IMPROVEMENT  GUIDELINES 
4.0  PROOUCT  IMPROVEMENT  GUIDELINES 

The  results  of  this  tost  program  have  boon  assessed  to  ostablish  guidelines 
for  increasing  storage  life.  Roco— ewdatlons  are  suNaarized  in  Table  4-1. 


TABLE  4-1.  PROOUCT  IMPROVEMENT  RECOMMENDATIONS 


miwiUL  i *t  urns 

n»t  omkw 

WCOAOWATICM 

CATAATMMIC 

MW  HIM.  TAIUM5 

MUX  MOMMA 

UAA  mmiWAMHA# 

W  fAIUMTA 

M  AAIUMS 

M  TAttMU 

« 

* 

nww  mem  or  mho  mam,  moans 

AN  UAM  CAM  M  MOfMTUT  HIM  II  VIA  IN 
reuwiMt  mutaov  arKtricATtoM  an 

STANAOM  m  W-Wt  MOTSl 

0  Wl>m*lM,  "WAT  NTM0M  rw 

IlKIMK  IN  MCntCAt  BM'.-MWT 

•  Mk-A-IAMf,  TAIUTAAT  WACirt- 
CATION,  MM  CBWOCTM  MV  KM 

mmm  orocincMioN  nr 

A  Ml-O-ADOA,  <«|l  KATIN,  ttOCTAO- 

OWMIlf" 

A  SS-A-IM,  "MUMS  TM  AUOV,  UA». 

TIN  AUOV,  UMOAU0T 

MIN  OWICTO 

1  TAIUMO*  IAIUN 
MTt  •  A. MM  a  II-* 
HIUMA/TAOT  m  (AM 
COWIMNX  UNI) 

ATMAN  IhAhM  MMA  IMCT  TAtlMAS  CM  M 
MOMATSU  COHTOOUM  VIA  IN  AAOVS  IMCirl- 
CATTMA/ITWAOM  KM  IN  MqOINMWA  THAT 
TIMOOMH  WHCTKAML  Itm  M  MirOANO  AT  IN 
CIACOIT  CAN  ItVAi. 

AUlATMCt 

nUWAISTM  UAAACt 

w  iiMtriCMT  Mirr 

» tiMiiKAM  Mirr 

AIN  OMKIAKX  in*  IN  SrSClMCATMM  AN 
STAWAAM  CITM  A Ml 

TtMAtStM  MIN 

tmifKAHr  Mirr 

whom  "wasr  cam-  cimmt  amaitiis  to  nn-, 

OWAATIN  MOM  AT  SAM  CAIA-ACWMMHT  MOANIM. 
MTAM.IM  MAIM  MSCIVKATIMS  MO/M  SCSNOIN 
n«T  CSITMIA  10  NAIHTAII  AU  PAAAMTIM 

W1MIS  MUTIVSiV  UNM  OWMTtW  MMA 

AtmlKA  WlMK  AAIH  ((.*.,  AVON 

mivtim  mho  mnnw  OMiAcmnu*  sv  wo 
in  vast  or  newt  «.i,  mam  a  eeu 
lots  to  0AM  CM  CANA  A  LAMZ  OMNO  IN  A 

CAITKAl  MAANTH). 

The  parts  were  packaged,  as scab led,  inspected  and  tested  to  Boeing  specifi¬ 
cations  that  closely  followed  the  Military  Standards  and  Specifications 
cited  ill  Table  4-1.  There  were  no  bond  wire  failures,  no  package  problems, 
and  po  lead  corrosion/breakage  after  eight  years  of  storage;  the  cited 
specifications  provide  adequate  storage  reliability  for  these  potential 
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4.0  (Continued) 

failures  modes*  The  only  source  of  storage-induced  catastrophic  failures 
in  these  parts  -  oxide  defects  -  can  be  controlled  in  a  hardware  system. 
Minuteman  experience  has  shown  that  most  of  the  latent  oxide  defects  that 
survive  part,  level  burn-in  can  be  detected  and  eliminated  by  assuring 
that  adequate  functional  tests  are  performed  at  the  circuit  card  level. 

Parameter  drift  proved  negligible  in  the  resistance  and  transistor  leakage 
characteristics,  transistor  gain  was  the  only  parameter  that  exhibited  a 
significant  loss  of  performance  during  the  eight  years  of  storage.  This 
is  the  one  parameter  that  may  have  to  be  controlled  to  obtain  a  10-20  yea r 
shelf  life  oh  these  RTL  devices.  Transistor  gain  was  not  measured  directly. 
However,  the  transfer  function  relating  Votrr  to  transistor  gain  was  obtained 
from  a  special  test  of  the  Double  Gate  devices.  The  result  is  shown  in 
Figure  4-1.  Using  this  transfer  function,  and  measured  changes  of  Vqut, 
hand  calculations  were  made  of  the  gain  changes  in  20  of  th*  parts.  These 
parts  included  all  of  the  Double  Gate  incipient  failures  plus  other  parts 
selected  randomly  from  the  -lo  tail  of  the  1967  distribution.  These 
parts  showed  reduction  in  gain  ranging  from  7  to  26%,  with  an  average 
change  of  13%. 
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FIGURE  4-1.  TYPICAL  OUTPUT  PARAMETER  VS  TRANSISTOR  GAiN 
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4.0  (Continued) 

To  achieve  long  shelf  life,  the  design,  specifications  for  new  parts,  or  the 
screening  test  specifications  for  existing  parts,  should  prevent  operating 
the  part  in  a  highly  non-linear  region  such  as  shown  in  Figure  4-1. 

If  a  new  part  is  being  developed, the  diffusion  profiles  can  be  adjusted  to 
obtain  higher  gain  parts  in  which  a  snail  loss  of  gain  does  not  cause  a 
large  degradation  in  one  of  the  output  paraaeters.  Screening  tests  can  also 
be  used  to  reject  the  lower  gain  parts  which  could  lead  to  the  output 
paraaeter(s)  drifting  into  the  non-linear  region,  the  circuit  card  designer  can 
also  limit  fanout  (the  number  of  inputs  driven  by  a  single  output)  to 
less  than  the  Manufacturer's  rating  to  prevent  operating  on  the  steep 
part  of  the  output-gain  curve.  The  following  approach:  is  recommended  to 
achieve  adequate  control  of  transistor  gain  drift  .during  storage: 

1)  Perfora  analysis  of  design  to  determine  worst  case  operating 
regions. 

2)  Determine  the  part  gain  and/or  circuit  card  fanout  limits  required 
to  keep  the  output  paraaeters  frca  drifting  into  the  highly  non¬ 
linear  operating  region  assuming  a  30%  loss  of  gain  (10  yr  shelf  life). 

3)  Establish  design  and/or  screening  test  criteria  to  accomplish  (2) 
above. 

The  screening  tests  could  be  imposed  at  the  wafer  level.  Wafers  that  would 
yield  high  gain  parts  would  be  selected  for  long  storage  life  applications, 
with  the  remainder  going  to  commercial  use. 

As  previously  stated,  rejecting  the  16%  (-lo)  of  the  parts  with  the  highest 
v0UT  measurements  (lowest  gain  measurements)  would  have  eliminated  all  but 
one  of  the  incipient  parameter  drift  failures.  A  worst  case  analysis  of  the 
Minuteman  logic  circuits  was  performed  to  evaluate  the  effect  of  Vqut 
drifting  above  the  300  mv  specification.  The  analysis  showed  that  these 
parts  would  still  reliably  perform  their  logic  functions  even  when  degraded 
well  beyond  the  300  mv  limit.  Consequently,  these  particular  parts  are 
deemed  to  have  adequate  storage  life  reliability  without  imposing  more 
severe  test  criteria.  However,  other  devices  may  be  more  dependent  on  the 
gain  of  their  transistors  and  should  be  evaluated  on  a  case-by-case  basis. 

4.1  TRANSISTOR  GAIN  DRIFT  MECHANISMS 

The  shelf-life  drift  observed  in  transistor  gain  is  attributed  to  one  or  a 
combination  of  the  following  mechanisms: 

1)  Changes  in  the  gold  doping  process,  which  is  used  to  control  the 
"parasitic  transistor"  condition*,  as  well  as  to  increase  part 
switching  speed. 

•Refer  to  pp  222-226,  Fundamentals  of  Silicon  Integrated  Device 
Technology,  Vol.  II,  Edited  by  R.  M.  BUrger  and  R.  P.  Donovan, 
Fferttice-Hali,  1968,  for  an  explanation  of  the  "parasitic  transistor" 
condition. 
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4.1  (Continued? 

2)  Growth  of  a  "parasitic  transistor’-'  condition  due  to  aiprrticn  ef 
contaminants,  or  to  changes  in  the  gold  doping  process*. 

In  de\ ices  of  this  type*  a  parasitic  base-to-subs crate  transistor  can 
fern  due  to  migration  of  contaminants  or  gold.  This  parasitic  transistor 
shunts  part  of  the  base  current  around  the  base  emitter  junction,  effectively 
reducing  transistor  gain.  The  gold  pay  also  pi grate  within  the  silicon 
lattice  structure,  thereby  reducing  the  gain  directly.  Since  all  of  the 
incipient  failure  parts  were  operating  in  the  non-linear  region  characterized 
by  Figure  4-1,  snail  gain  changes  were  able  to  produce  large  increases  ln‘ 
the  Vour  parameter/.  Selected  incipient  failures  are  being  provided  to 
Georgia  Institute  of  Technology,  who  will  attempt  to  determine  the  physical 
changes  that  are  causing  the  observed  drift. 


